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diode on wafer is measured and then the potential difference 
between the terminals of the light -emitting element, and the 
plasma current flowing thereinto are derived from measured 
light intensity. Since the use of a camera enables non- 
contact measurement of emitted light intensity, the lead-in 
terminals for lead wires that are always required in 
conventional probing methods become unnecessary. In addition, 
since the target wafer does not require lead wire connection, 
wafers can be changed in the same way as performed for 
etching . 

REMARKS 

The specification has been amended to correct errors of a 
typographical and grammatical nature. Due to the large number 
of corrections thereto, applicants submit herewith a 
Substitute Specification, along with a marked-up copy of the 
original specification for the Examiner's convenience. 
Applicants submit that the substitute specification includes 
no new matter. Therefore, entry of the Substitute 
Specification is respectfully requested. 

The claims have been amended to correct the improper 
multiple dependency, with new claims 30-33 being presented. 
Also, the abstract has been amended. A copy of the marked up 
claims and abstract is enclosed. 

Entry of the preliminary amendments and examination of the 
application is respectfully requested. 

To the extent necessary, applicant's petition for an 
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to such deposit account. 
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TITLE OF THE INVENTION 

PROCESS MONITORING METHODS IN A PLASMA PROCESSING 
APPARATUS , MONITORING UNITS/ AND A SAMPLE PROCESSING 
METHOD USING THE MONITORING UNITS 



BACKGROUND* OF THE INVENTION 
(Field of the Invention) 

The present invention relates to methods of 
measuring potential differences and currents, ^mXX^J^^^ 
10 {especially, ^t^ methods of measuring the potential 

difference or^ plasma current developed on the surface 
of a semiconductor wafer sample^under (its) plasma 
1 . IstatusA during semiconductor manufacturing processes s 
(when^the semiconductor wafer [is placed^inside a plasma 
15 reactor in order to surface-treat the wafer. Also, the 
present invention relates to an apparatus for 
monitoring processes in a plasma processing apparatus 
by use of the measured potential difference or plasma 
current, and to a sample processing method that us^es 
20 the process monitoring apparatus. ^ - 7 

(Related Background Art) J£ O 

In general, during the manufacture of r-" r ^ 

semiconductors , semiconductor wafers need to be o - 
(provided withj^various surface treatment processes^ such 
25 as etching, and a plasma reactor that applies 
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electromagnetic waves to generate^ plasma is most 
commonly used as the surface processing apparatus . For 
such a plasma reactor, the electromagnetic waves and 
the plasma generate a strong electric field not only 
5 in the space of the plasma reactor, but also on the 
surface of the semiconductor wafer mounted on a 
processing table (sample mount When [th^j. strong 
electric field is generated on the surface of the 
semiconductor wafer, the field strength will cause a 

10 potential difference on the surface of the 

semiconductor wafer, and if the potential difference 
exceeds [the required^value, the semiconductor wafer 
may be damaged. It is therefore important to measure 
the potential difference on the semiconductor wafer^ 

15 when processing (xts)|surf ace using [thejjjplasma reactor. 
In this case, probing (hereinafter referred to as 
the first known method) is available as one of / typical 
methods of measuring the electric field strength and 
potential differences occurring inside the plasma 

20 reactor. The first known method is intended to measure 
the electric field strength and potential differences 
inside the plasma reactor by inserting conductor 
probes into a plasma atmosphere and^ then^ after 
scanning with the probes, detecting the voltage- 

25 current characteristics thereof . 
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A method of measuring the potential of a 
semiconductor wafer inside a plasma reactor 
( hereinaf terC this method is] referred to as the second 
known method) is [also laid open))on page 775 of a 
5 Japanese-Version Preliminary Article Collection at the 
4 6th Association Symposium on Applied Physics, held in 
the spring of 1996. For the second known method, the 
potential difference on the semiconductor wafer/ is 
measured by searching with probes embedded directly in 

10 £a_ position on^ the semiconductor wafer ^mounted on the 
sample mount, namely, the semiconductor wafer mounting 
table, inside the plasma reactor) j^where the potential 
difference is estimated to occur, instead of searching 
with probes embedded in the sample mount itself. 

15 Since the first known method, which (Is intended^to 

measure the potential difference on the semiconductor 
wafer inside the plasma reactor, is used to detect the 
voltage-current characteristics of the conductor 
probes by scanning in a plasma atmosphere, it is 

20 necessary to (collect^detection output signals from the 
conductor probes (intc^jan external apparatus by using 
connection lead wiresQ and to provide the vacuum 
chambers with connection lead wire relay terminals^ 
because/ plasma is generated inside the vacuum chamber^ 

25 In addition, the total structure of the plasma reactor 
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is complex^ and this makes it impossible for the 
potential difference on the semiconductor wafer to be 
measured using a simplified means. 

Furthermore, since the second known method, which 
5 jls intended^ to measure the potential difference on the 
semiconductor wafer inside the plasma reactor, uses 
probes embedded in a sample mount on which the 
semiconductor wafer is to be mounted, it isj necessary 
for the sample mount to be of special structure, but^^ 

10 also difficult to process the surface of the 

semiconductor wafer on this sample mount after 
measuring the potential difference on the 
semiconductor wafer by use of the sample plate. In 
addition, the type of sample mount to be used^differ 

15 between measurement of potential difference on the 
semiconductor wafer and the surface-treatment 
processing thereof, and this results in increased 
plasma reactor costs and, hence, an increased number 
of treatment processes . 



SUMMARY OF THE INVENTION , ,x 



At 



The present invention fallows fof^such a technical 
background, and one of its objects is to {sv/ppl^(a 
potential difference and current measuring method that 
25 enables the DC potential difference on a target object 
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to be measured using a simplified means via a 
potential difference and current measuring [^portion ofj^- 
a simplified configuration. 

Another object of the present invention is to 
5 jsuppl^ a method^that enables samples to be efficiently 
processed while] processes are being monitored using an 
apparatusj^jof) a simplified configuration. 

When a light-emitting diode or the like is left in 
a plasma-exposed atmosphere, the potential difference 

10 arising from the resulting flow of charged particles 
( ions and electrons ) from the plasma will create the 
flow of an electric current into the light-emitting 
diode and activate it to emit light. The light 
emission intensity of the light-emitting diode has a 

15 constant correlation with the voltage and current of 
the diode. The present invention utilizes this 
property. 

The present invention is characterized in that^in 
a method of measuring the potential differences for 

20 plasma processing with a plasma processing apparatus 
that processes a sample by introducing a gas into 
vacuum chambers and generating^plasma : a light- 
emitting portion is formed on a measurement^- usej sample£}j 
the potential difference generated according to the 

25 difference in the amount of plasma-incident charged 
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particles is detected[Tj 1 ^ 

Ca current flows into said light-emitting portion 
according to the potential difference that has been 
generated across said light-emitting portion^ * 



^the intensity of the light emitted from said 
light-emitting portion according to the particular 
level of said current is measuredQj and 



^he potential difference on said measurement^usej 
sample according to the particular light intensity is 
10 measured. 

The present invention is also characterized in 
that^ in a method of measuring the plasma processing 
potential difference on the object to be plasma- 
processed by introducing a gas into vacuum chambers 
15 and generatingf,plasma : 



^a light-emitting portion is formed on said object 
to be plasma-processe^ 

( --the flow of charged particles from the plasma to 
the surface of said object is measured as the 
20 intensity of the light emitted from said light- 
emitting portion according to the level of the current 



flowing th ereinto^ and 

amount of current flowing into said object 
according to the particular light intensity is 
25 measured. 



For example, antennas for acquiring charged 
particles from plasma to the terminals of the light- 
emitting portion are connected first. These antennas 
are then installed inside the plasma processing 
apparatus or on the waf erj and the light emission 
intensity of the light-emitting portion is measured. 
It is possible to measure the potential difference 
between any two positions by establishing the 
correlation expression between the pre-calculated 
light emission intensity and voltage-current 
characteristics of the light-emitting portion and 
converting the light emission intensity into a voltage 
or to measure the plasma current between any two 
positions by converting the light emission intensity 
into a current using the above-mentioned expression. 

To measure the plasma potential difference/ the 
circuit resistance value of a light-emitting diode 
needs to be greater than an external circuit 
resistance including the plasma, orjto measure the 
plasma current, the circuit resistance value of the 
light-emitting diode needs to be smaller than the 
above-mentioned external circuit resistance value. 
This method requires only [the)/window for measuring 
light intensity, and does not require lead wires or 
lead wire lead-in terminals . 
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In order to fulfill the foregoing objects , a 
potential difference measuring method based on the 
present invention uses a potential difference and 
current measuringj|portionj equipped with one pair of 
5 conductor antennas, a light-emitting portion connected 
between the conductor antennas, and an AC voltage 
bypass element connected in parallel to the light- 
emitting portion, and (has) a means jof)/^ ^ry^^jj^- 
arranging/connecting the conductor antennas at/to the... 

10 potential measuring positions on the object to be 

measured!, ) and^measuring the DC potential differences 
at these potential measuring positions by detecting 
the intensity of the resulting light output from the 
light-emitting portion. 

15 According to the means described above, after the 

arrangement and connection of the conductor antennas 
at /to the potential measuring positions on the object 
to be measured, when DC potential differences exist at 
these potential measuring positions, the light - 

20 emitting portion or the light-emitting diodes will 
emit light. The DC potential differences at the 
potential measuring positions can therefore be 
measured by visually detecting the emitted light 
intensity from the unit containing the target object 

25 (for example, from the exterior of the plasma 
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generating layer) through an optical unit^such as a 
charge-coupled device (CCD) camera. Thus, it is 
unnecessary to provide connection lead wires ^intended] 
to acquire detection output signals, or a sample mount 
5 in which conductor probes for detection are embedded. 

In this case, since an AC voltage bypass element 
(preferably, a capacitor) is connected in parallel to 
the light-emitting portion, any AC potential 
differences between potential measuring positions are 

10 bypassed by the AC voltage bypass element and only the 
DC potential differences at the potential measuring 
positions can be measured. 

The present invention also makes it possible to 
supply a highly efficient sample-processing method 

15 that uses a potential difference and current measuring 
portion (o£^ a simplified configuration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a £total blockj diagram of^ECR etching 
20 apparatus . 

Figure 2 is a top view of the potential difference 
and current measuring unit^[described as) an embodiment 
of the present invention. 

Figure 3 is a cross-sectional view of the 
25 potential difference and current measuring unit 
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(described as an embodiment^ of the present invention. fl A 
Figure 4Ais a diagram (showingjj the principles of 

Figure 5 is a (aiagra^^howing the relationship 
between the voltage applied to light-emitting diode^J 
and the intensity of the light emitted from the diodes. 

Figure 6 is a |giagram] showing an example of 
application results (onhthe present invention. 

Figure 7 is a^fdiagram) showing an example, of 
application results (on}*the present invention. 

figure 8 is an another) block diagrams of ^ the 
potential difference and current measuring unit of the 
present invention. * . ^ 

Figure 9 is a [total block diagramjjof semiconductor 
15 processing equipment [applying)/ythe potential difference 
and current measuring unit of the present invention. 

Figure 10 is a flowchart^ intended to improve 
productivity by applying the potential difference and 
current measuring unit of the present invention to 
20 semiconductor processing. 

Figure 11 is a flowchart^ intended to apply the 
potential difference and current measuring unit of the 
present invention to the optimization of semiconductor 
processing equipment . /i 
25 Figure 12 is (an another block-diagram of a 
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potential difference measuring unit, based on the 
present invention ,y (and shows a potential difference) 
^nd current measuring uni^ not| [having^ a capacitor. 

Figure 13 is a £total blocfcj diagram of j ashing 
5 apparatus . \ A * 

Figure 14 is (an another blockjpjiiagram of a 
potential difference measuring unit based on the 
present invention. a -+ 

Figure 15ft is fan another block-diagram of a 

A. 

10 potential difference measuring unit based on the 
present invention. , > a / . <JL^ A-rfs^ 

Figure 16flis [an another bloclcj^diagram of a 
potential difference measuring unit based on the 

15 Figure 17 is jan another blockjy\diagram of a 

potential difference measuring unit based on the 
present invention. a 

Figure 18ft is (an another block-diagram of a 

A 1 — 

potential difference measuring unit based on the 

Figure 19 is (an another block-diagram of a 
potential difference measuring unit based on the 
present invention . 

Figure 20 is [an another block-diagram of a 
25 potential difference measuring unit based on the 
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pr es ent invent ion . . •" 

Figure 21 is (an another block-diagram of a 

potential difference measuring unit based on the 

present invention. . . 

5 Figure 22 is (an another blockj/diagram of a 

potential difference measuring unit based on the 

present invention. * * 

Figure 23 is a diagram^ showing a method of 

observing light emission status in a potential 
10 difference measuring unit based on the present 

invention. * o_ 

Figure 24 is a diagram^ showing the installation 

location for a potential difference measuring unit 

based on the present invention. ^_ 
15 Figure 25Ais (an another block diagramj/\of a 

potential difference measuring unit based on the 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS . 

. Embodiments of the present invention (are^described 
^(us ing f igur es). 

A (total block) diagram of an ECR type of etching 
apparatus^ to which the y\invention^applies] is shown (as)^ 
Fig. 1. Microwaves are introduced from microwave power 
25 supply 101 into vacuum chamber|K 104 via waveguide 102 
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and ^Introducing] window 103. [introducing)! window 103 is 
made of a material that transmits electromagnetic * 
waves, such as quartz. Around vacuum chamber|| 104/are 
arranged electromagnets 107^ and the strength of the 
magnetic fields generated thereby is set so as to 
generate^resonance with the frequency of the 
microwaves. For example, if the frequency is 2.45 GHz, 
the magnetic field strength is 875 Gauss.. Wafer 105 
(or plasma potential difference and current measuring 
unit 200) is mounted on sample mount 108. iHigh- 
frequency power supply 109 is connected to^ sample 
mount 108 in order to accelerate the flow of ions into 
the wafer. The Earth ring 114 against the high- 
frequency waves (are)^provided around sample mount 108. 



15 Also, in order to measure the light emission 

intensity of the light-emitting diodes/ mentioned later, 
the waveguide has | window 112, through which an image 
of the wafer is monitored using a CCD (charge-coupled 
device) camera 110. Data that has been acquired by the 

20 camera is processed by personal computer 111. In order 
to (removejjthe light emitted from&plasma 106, camera 
110 has ^interference filter 113 adjusted to the light 
emission wavelength of the light-emitting diodes. 
Figure 2 is a top view of plasma potential 

25 difference and current measuring unit 200 (an 
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embodiment of the present invention) , and this 
measuring unit has a potential difference and current 
measuringjjportion .f ormedj on a measurement(^us^ sample 
of similar material and shape as those of the wafer 
105^to undergo processing^ andf^is mounted onj, sample 



mount 108. Figure 3 is a cross-sectional view of^ 
plasma potential difference and current measuring unit 
200, 

Plasma potential difference and current measuring 

10 unit 200 (further] has jloxide film 205 deposited on fits) <k 
silicon substrate 204, and /light-emitting diode (LED) 
2 01 is mounted on the oxide film. Aluminum antennas 
203 are connected at both ends of the LED via 
insulated conductors . The plasma reactor used for 

15 etching ranges from 0.5 to 5.0 mA/cm 2 in saturated ion 
current density. Since the turn-on current (on- 
emission energizing current) of/ LED 201 is only about 
1 mA, the surface areas of the conductor antennas can 
be set to {overs tep^the range from 0.2 to 2.0 cm 2 . The 

20 antenna areas can usually be adjusted according to the 

particular plasma density. ^ ^ f^y^^^\ 

In this measuring unit, as shown in Fig- 2,^one to 
five light-emitting diodes (LEDl to LED5)^(are) 
connected in series k and independent antennas are 

25 connected at both ends of each LEI^. In this way, the 
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starting threshold voltage of light emission from each 
LED ^ is varied to improve/ measurement accuracy. Each 
LED jt has /parallel— connected capacitor 202 j as a filter 
for removing AC voltage components. The appropriate 
5 value of the capacitor is about one microfarad when 
the frequency of high-frequency power supply 109 is 
800 kHz. Usually , however , it suffices just to change 
the value according to the particular frequency. Also, 
since this„ example assumes that the potential in the 

10 center of the wafer is greater than that developed 

around^ the wafer , /connection polarity is ^ive^f so that 
each diode emits light when potentials are distributed 
that way. Only jwhen)/ one LED is present, is a reverse 
polarized diode also connected in parallel. Thus, 

15 detection is possible when the potential around the 

wafer is higher. 

Figure 4ftshows the distribution of the potentials 
A 

developed on wafer 105 (or plasma potential difference 
and current measuring unit 200) in the etching 

20 apparatus shown in Fig. 1. The nonunif ormity of 

potentials on the wafer is caused by the nonunif ormity 
of j^plasma density and/or the nonunif ormity in the 
distribution of currents from high-frequency power 
supply 109. In Fig. 4A, the potential (li^cent€|r point 

25 A of the wafer is higher than the potential at/edge 
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point B of that wafer by Avdc. Also, the high- 
frequency voltage components of high-frequency power 
supply 109 overlap on the waferjand^as shown in Fig. 
4B, the potential between points A and B changes with 
5 time. Even if Avdc is zero, sinde each LED emits light 
with the above-mentioned high-frequency components, 
capacitor 202 is connected in parallel to LED 201 to 
ensure that only the DC component of AVdc is measured. 
Therefore, when the measuring unit shown in Fig. 2 is 

10 installed under {thej plasma^jstatus), the LED will emit 
light according to AVdc. 

The relationship between the voltage applied to a 
series-connected LED and its light emission intensity 
is represented in Fig. 5, wherein LEDl to LED 5 are the 

15 identification numbers of the series-connected diode^. 
These diodes emit red light, and the light-emission 
starting threshold voltage of one such diode is 1.5 V. 

When one to five diodes are connected in series., 

A 

therefore, the respective light-emission threshold 
20 voltages are 1.5 V, 3.0 V, 4.5 V, 6.0 V, and 7.5 V. 

Figure 6 shows the LED light-emission intensity 
data measurements (witFij^camera 110 that were obtained 
[under the configuration) jwhere the plasma potential 
difference and current measuring unit 200 shown in Fig. 
25 2 was installed in the etching apparatus of Fig. 1. 
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The horizontal axis denotes time, and the output of 
high-frequency power supply 109 was changed in steps 
from 10 W to 70 W with time. Light-emission intensity 
data that was obtained using three connected LEDs, and 
5 same data that was obtained using five connected LEDs 
are shown as examples in Fig. 6. It can be seen from 
this figure that when the three connected LEDs started 
emitting light at 20 W, AVdc exceeded 4.5 V, and fthat) 
when the five connected LEDs started emitting light at 

10 50 W, AVdc exceeded 7.5V. 

The measurement results on the relationship 
between high-frequency power and AVdc that were 
obtained using the above-mentioned method are shown in 
Fig. 7. The gas was a combination of 74-sccm chlorine 

15 and 6-sccm oxygen, and the gas pressure was 0.4 Pa. 

Also, the output of microwave power supply 101 was 400 
W. These are etching parameters relating to the poly- 
silicon used for a semiconductor device. 

Since the potential difference (AVdc) occurring on 

20 the wafer placed in plasma is a quantity related to 

the insulation breakdown of the gate oxide film on the 
transistor processed on that wafer, it is important to 
measure AVdc. When an etching apparatus is developed 
or etching parameters are determined, it is necessary 

25 not only that an etching rate and other parameters 



relating to characteristics be appropriate, but also 
that the gate oxide film be free from insulation 
breakdown. 

In the case of prior art, it is necessary that^)j 
during the measurement of a potential difference using 
the probe-embedded electrodes described in the 
examples of known methods, an apparatus be designed or 
etching parameters be determined so as to minimize the 
potential difference, and then the electrodesjt be 
replaced with the normal sample mount to etch the 
sample. 

In j^the present invention, since the unit for 
measuring AVdc, namely,; plasma potential difference 
and current measuring unit 200 has the same shape as 
that of a wafer, it is possible to measure AVdc 
without performing any modifications on the etching 
apparatus, and to etch semiconductor devices just by 
changing wafers after determining; parameters for a 
sufficiently small value of AVdc. In other words, it 
is possible to reduce the processing time and to 
analyze etching characteristics, and measure the 
potential difference inside the wafer, with exactly 
the same apparatus configuration. 

In the embodiment described above, although the 
antennas at both ends of each LED (.are arranged in the 
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center of and around the wafer, these antennas can be 
moved according to the desired potential difference 
measurement position on the wafer. 

Also, the light emission intensity detected by^ 
5 camera depends pn -factors such as the camera-to-LED 

distance and the^transmittance fof light] of the window 
material. The absolute potential difference value can 
therefore be obtained by measuring the above-mentioned 
distance and transmittance and calibrating the 

10 detection portion of the camera. Even if the 

calibration is not j[ {conducted), the relative magnitude 
of the potential difference inside the wafer can be 
judged from the light emission intensity. 

Since a distribution curve of the potentials 

15 developed on the wafer does not always have a humped 
middle^ as shown in Fig. 4jj, the polarity of the 
potentials can be judged by mounting one set of 
forward- and reverse-polarized LEDs in connected form 
on the wafer. 

20 in Fig. 2, LEDs 201 and capacitors 202 can be 

shielded with polyimide or the like, as required, and 
thus the LEDs and the capacitors can be protected from 
plasma-induced damage . 

The potentials on the wafer can also be measured 

25 together with their AC components by removing 
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capacitors 202. The number of LEDs to be connected in 
series ^ can be adjusted (or (can be used] blue^ and other 
diodes different in light emission threshold voltag^) 
according to the particular n^agnitude of Avdc. 
5 Camera 110 for measuring; light emission intensity 

can be installed ins idejf vacuum chamber 104 provided 
with the appropriate electromagnetic interference 
countermeasures, and the light-receiving portion can 
be equipped with an optical fiber* In Fig. 8A, light- 

10 emitting circuit 801 is inserted between antennas 203A 
and 203B, and capacitor 202 is connected in parallel 
to light-emitting circuit 801 to remove AC components. 
When a potential difference occurs between antennas 
203A and 203B, since the light-emitting circuit emits 

15 light according to the particular potential difference , 
this value can be identified by closely observing the 
quantity of light which has been emitted. To remove AC 
components , coil 802 can be connected in series to 
light-emitting circuit 801,^ instead of connecting 

20 capacitor 202 in parallel to light-emitting circuit 
801. The light-emitting circuit here refers to a 
circuit that includes light-emitting diodes 201 or so- 
called miniature lamps whose resistance values change 
according to the voltage applied across the circuit , 

25 or refers to a laser, such as a semiconductor laser, 
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that includes light-emitting elements • Various 
embodiments of this light-emitting circuit /are).^^- 
described later. Although light-emitting circuit 801 
that includes light-emitting elements is described 
5 here, a unit for generating (those) sound waves or 
electromagnetic waves (such as ultraviolet rays, 
infrared rays, or X-rays) that change in intensity 
according to the voltage applied across the circuit 
can be used, instead of light-emitting elements. When 

10 such a unit is used, however, it is, of course, 

necessary to use a sensor or filter as well, instead 
of camera 110 or interference filter 113, that can 
detect those sound wave signals or electromagnetic 
wave signals. It is important to provide a means (of^(/^ 

15 generating some type of physical quantity according to 
either the voltage applied across the circuit, or the 
current corresponding to the voltage, and a means [of^^v 
detecting the physical quantity at a position far from 
the means mentioned above. 

20 Next, a method of using plasma potential 

difference and current measuring unit 2 00 to 

**** r n 

manufacture semiconductors (Is^ described (belowL An 

example of [aj semiconductor manufacturing equipment 
(configuration^ is shown in Fig. 9. This^(conr iguration) 
25 includes, more specifically, an etching apparatus, a 



- 22 - 

\ 



CVD apparatus, etc. » 

The semiconductor manufacturing equipment^ in Fig. 

9 has processing chamber 901 , ^second processing 

<\ °< 
chamber 902 wafer transport robot 903, ^loading lock 

5 chamber 904, ^unloading lock chamber 905 , /loader 906, 

andistocker 907. Stocker 907 contains cassettes 908 

<\ 

andj^dummy cassette 909. When a wafer is processed in 
processing chamber 901, J wafer 105 within cassette 908 
under almost atmospheric conditions is transported to^ 

10 loading lock chamber 904, which is also under almost 
atmospheric conditions, by loader 906, and then the 
loading lock chamber is closed. After/ loading lock 
chamber 904 has been decompressed to a suitable 
pressure, wafer transport robot 903 transports wafer 

15 105 to processing chamber 901, where the wafer is then 
provided with appropriate processing. After being 

Ma 

processed, waf^r 105 is transported toj| unloading lock 
chamber 905 by j wafer transport robot 903. After the 
internal pressure of j unloading lock chamber 905 has 

20 been increased nearly to |anj atmospheric pressure, 

wafer 105 is returned to cassette 908 by loader 906. 
Such processes are usually repeated. 

Next, a method of using plasma potential 
difference and current measuring unit 200 to process 

25 wafers^Is) described [in)jFig. 10. Wafers 105 usually 
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undergo processing in processing chambers 901 and 902 
(S1000). When processing parameters are checked 
periodically or non-periodically , j plasma potential 
difference and current measuring unit 200^ that has 
5 been placed in dummy cassette 909 beforehand^ is 

transported to the processing chambers , where the 
processing parameters can then be checked (S1002). 
That is to say, when Jprocessing parameters are / checked 

A 

plasma potential difference and current measuring unit 
10 2 00 that has been placed in^ummy cassette 909 

beforehand is transported tojtloading lock chamber 9 04 
by loader 906^ and then/\ transported to; processing 
chamber 901 by wafer transport robot 903* After this/ 
plasma potential difference and current measuring unit 
15 200 ^undergoes}^)rocessingj[with predetermined parameters 
and the light emission status at this time is 

monitored to confirm the presence/absence of an 

far 

abnormality and /.detect its level (S10^4). 

When no abnormality is detected, jfpotential 

20 difference and current measuring unit 200 is removed 

using wafer transport robot 903 , A then placed in . i ^ § 
unloading lock chamber 905, [and placed in^dummy 
cassette 909 by loader 906 to restart semiconductor 
processing (S1000) . 

25 If ^abnormality is detected, the processing 
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chambers are maintained in a vacuum state as y{(farj as 
possible and the processing apparatus is checked and 
provided with countermeasures (S1006). After the 
countermeasures have been undertaken, j plasma potential 
difference aiid current measuring unit 200 (undergoes) 
processing jwith predetermined parameters once again 



and flight emission status is monitored (SI 008) to 
confirm the presence/absence of an abnormality and 
detect its level (S1010 ) . 

10 At this time, when no abnormality is detected,. 

potential difference and current measuring unit 200 is 
removed using wafer transport robot 903, /then placed ji 
in/ unloading lock chamber 905, [and placed in)/dummy 
cassette 909 by loader 906 to restart semiconductor 

15 processing *^j^ 00 ** If Jlabnormality is detected again 
at this time, /potential difference and current 
measuring unit 200 is removed using wafer transport 
robot 903. J then placed. inAunloading lock chamber 905, 
[arid placed injjdummy cassette 909 by loader 906. After 

20 this, the processing chambers are exposed to the 
atmosphere and necessary {process ingj/t a ke s place 



(S1012). The necessary {processing^ here refers more 
specifically to replacement of consumable parts and 
removal of sticking film from the various sections of 
25 the processing chambers by use of substances such as 
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an organic solvent, 



After [these processes havejjbeen performed, the 
processing chambers are placed in a vacuum state once 
again to enable semiconductor processing. At this time* 
5 semiconductor processing is not started immediately. 
Instead, it is started only after j^the fact)^that 
processing charter 901 has returned to normal (is) 
[confirmed^ using ) potential difference and current 
measuring unit 200 (S1014 to S1016). Ifi^abnormality is 

10 detected during this process , A processing chamber 901 
or the entire s emiconduc tor^nu f acturing equipment 
requires rechecking and [then]j|the maintenance processes 
described above^ and/or more extensive maintenance 
processes are to be performed. 

15 Processing parameters relating to the potential 

difference and current measuring unit 200 of the 
present invention do not always need to match the 
semiconductor processing parameters. Given the same 
parameters, whether the parameters are being properly 

20 maintained is to be judged. However, the use of the 
parameters enables easy detection of ^abnormality , 
although these parameters differ from actual 
processing parameters ,y\ makes it possible to estimate 
beforehand any abnormal states that slightly change 

25 with the progress of time. Since these parameters 
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differ from actual processing parameters f 
semiconductor processing does not always need to be 
stopped, even if J abnormality is detected. If.^N 
abnormality is detected underji these parameters, 
5 however, after semiconductor processing has been 

restarted, the equipment status monitoring time is to 
be made shorter than usual, by using the potential 
difference and current measuring unit .of the present 
invention once again* This maintains J equipment 

10 availability and prevents (the) processed wafers from 
being wasted. 

In the above-described embodiment, although .. - 
atmospheric cassettes are used for descriptive reasons 
vacuum cassettes can also be used instead. 

15 Next, a method of us ingA potential difference and 

current measuring unit 200 /in Fig. ll) to develop 
processing unit 901 or etching processes [is); described 

* ^(below. In this case, the potential difference and 
current measuring unit is to be inserted into the 

20 semiconductor manufacturing equipment to be developed, 
for example, the etching apparatus shown in Fig. 1. 

For example, to optimize the height of ^ sample 
mount 108 for reduced potential difference inside the 
wafer, it is necessary first to keep constant the 

25 output power of the microwave power supply for 
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generating plasma, the output power of the high- 
frequency power supply for applying a bias voltage to 
the wafer, the internal pressures of the processing 
chambers, the flow rate of the gas to be introduced . 
into the processing chambers, and other parameters, 
and then to mount potential difference and current 
measuring unit 200 onjsample mount 108 and observe 
light iemission status. Next, only the height of the. 



sample mount is to be changed^ and; light emission 

10 status is to be observed again (SHOO) . ^Parameters 
that generate an insignificant potential difference 
inside the wafer can be found by repeating the above 
experiments and examining the relationship between the 
height of the sample mount and light emission status. 

15 fr This method can be used (onlyjiby inserting the 0 b s 

potential ^if f erence and current measuring unil^, 
instead of^wafer 105, and does not require special 
electrodes. Also, since this method enables the 
quantity of light (namely, the potential difference) 

20 to be immediately determined, actual processing can be 
executed using wafer 105 before or after measurement, 
and j^jpectral analyses on the status of light emission 
from/plasma 106 can be easily conducted during, before, 
or after measurement. That is to say, the height of 

25 sample mount 108, the potential difference inside the 
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wafer, the plasma status at the particular time, and 
wafer processing results can be obtained for one set 
of parameters0jand^as a result, the configuration of 
the equipment can be optimized in^arious terms (S1102 
5 to S1108). Although the height of/ sample mount 108 is 
taken as an example in the description Gt^ae^ above, 
this method is also valid for optimizing^ factors^such 
as the size of the sample mount, the position of the 
gas introducing port, and the size and position of|^ 

10 earth ring 114. 

In addition, this method is valid for optimizing 
not only the hardware-like configuration of the 
equipment- but also the type of processing gas, 
pressure, /magnetic fields, the output power and 

15 frequency of the microwave power supply, the output 

power and frequency of the high-frequency power supply, 
and pother) various^ processing parameters (S1110 to 
S1116) . 

The etching apparatus shown in Fig. 1 is an 
Mm 

20 example of /reaction chamber 901. 

Figure 12 is a [bloclc^diagram of the potential ^ . 
difference and current measuring unit 200 (shown as)* 
another embodiment of the present invention /the in the) fr^ 
case [thatj^a bias voltage is not applied. The measuring 

25 unit configuration in Fig. 12 differs from that of Fig. 



\ 



2 in that capacitor 202 for removing AC components is 
not provided. When no bias voltage is applied , AC 
components can be ignored , and configurations without 
capacitor 202 usually pose no problemlff. As a matter of 
fact, for a CVD or ashing unit,]! no bias voltage is 
applied ^ccasionall^, even during plasma processing. 

An example of an ashing unit not requiring the 
application of a bias is shown in Fig. 13. Although 
the configuration^ in Fig. 13 is similar to that of Fig 
1, high-frequency power supply 109 and earth ring 114 
are absent in the configuration^ in Fig. 13. The type 
of gas used to remove resist is an argon gas, an 
oxygen gas , or the like. When the potential difference 
and current measuring unit j in Fig. 12 is actually used 
this measuring unit is introduced into a unit^such as 
the ashing unit mentioned above. 

In the potential difference and current measuring 
unit 2 00 of the present invention, one of the two 
antennas can also be routed through a circuit 

A 

substrate. Modified version^ of the potential 
A 

difference and current measuring unit shown in Fig. 2 
or/12 (ar§)*shown in Fig. 14. In thisj[Inventiory, one 
terminal of light-emitting diode (1401) is 
characterized in that it is routed through substrate 
204. In general semiconductor manufacturing processes, 
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the potential of the gate with respect to that of the 
substrate is usually picked up as a problem. In the 
configuration described above, however , the voltages 
of the substrate and gate can be measured. Also> in 
5 this unit configuration, antenna 203 /not routed ■ 

through the substrate^ is installed in three places^ at 
different distances from the center of the wafer. Thus, 
the potential difference between antenna 2 03 and 
silicon substrate 204 can be detected. 

10 In addition, ^hai^comb-shaped antenna can also be 

used instead. The potential difference and current 
measuring member shown in Figs. ISA and 15B is 
composed of two LEDs 201 connected in parallel in 
opposite directions between [hairjcomb-shaped antenna 

15 1501 and antenna 203, and ^capacitor 2 02j connected in 
parallel to the LEDs. The measuring member shown in 
Figs. 15A and 15B is located on and connected to 
insulating film 205^ with which the surface of silicon 
substrate 204 is covered. In this case, jhaiijcomb- 

20 shaped antenna 1501 is formed using resist 1502 

processed in line-and-space form on conductor antenna 
203 positioned on insulating film 205. The pattern of 
the line-and-space form on resist 1502 is formed by 
lithography during semiconductor manufacturing 

25 processes, and the sizes of the lines and space? are 
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very small (several microns or less). Modification of 
antenna 203 into structure such as that of fhaij^comb- 
shaped antenna 1501 enables {the) measurement of the DC 
potential difference in the micros t rue ture due to a 
5 phenomenon generally galled "electron shading". Since 
the flow of ions into] silicon substrate 204 under a 
plasma state is accelerated , these ions enter/ silicon 
substrate 204 almost vertically. In the meantime, 
electrons, because of their small mass, are great in 
10 random-oriented velocity due to^ heatyand^ therefore^ 



flow from random directions tojsilicon substrate 204. 

For this reason, when resist 1502 with a 
microstructured pattern consisting of very small 
grooves and holes less than several microns in size is 

15 present on silicon substrate 204, although a large 
majority of ions arrive at the bottom of the 
microstructured pattern, a large majority of electrons 
cannot reach the bottom. As a result, the bottom of 
its microstructured pattern is charged positively and 

20 the walls of .its microstructured pattern (i^) /charged 
negatively , /this phenomenon is called "electron 
shading" . During semiconductor device processing, the 
bottom of the microstructured pattern is usually 
connected to the gate oxide film, with the result that^ 

25 since the gate is charged to cause insulation 
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breakdown, the magnitude of ^electron shading needs to 
be measured • 

^[Haiijcomb-shaped antenna 1501 shown in Figs. 15A 
and 15B has its silicon substrate 204 charged 
5 positively by electron shading, and^ thereby , a. DC 

potential difference occurs between^[hai^comb-shaped 
antenna 1501 and/antenna 203. One of two LEDs 201, 
therefore, emits light and the electron shading level 
can be measured from the intensity of the light. 

10 During the measurement of the electron shading level, 
it is preferable that the [hai^comb-shaped antenna 1501 
and antenna 203 connected between two LEDs 201 should 
be arranged close to one another so as to avoid the 
overlapping of DC potential differences between 

15 positions . Also, measurements under the status that 
electron shading and the DC potential difference on 
the surface of silicgn^ substrate 204 overlap can be 
performed by spacing^(hai^comb-shaped antenna 1501 andj 
antenna 203 . 

20 The value of the current flowing into LEDs 201 can 

be obtained by arranging^[hairJcomb-shaped antenna 1501 
and planar antenna 2 03 close to one another and 
examining the intensity of the light emitted from LEDs 
201. The value of the current flowing int^ LEDs 201 is 

25 a quantity determined by the structure of ^jhaii^comb- 
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shaped antenna 1501 and the ion cu^ent density of 
plasma 106. Since the structure of jjt^i^comb- shaped 
antenna 1501 is known , the ion current density can be 
calculated by examining the amount of light emitted 
5 within this measuring unit. 

If antenna 203 , after being made thicker than 
antenna 1501, is exposed to plasma and both antennas 
203 and 1501 are etched, the light emitted from LEDs 
201 can be observed while/antenna 1501 remains. Once/ 

10 antenna 1501 has been etched, however, the current 
concentration area will decrease and LEDs 201 will 
stop emitting light. The etching rate can thprefore be 
measured from the light emission duration of / LEDs 201 
and the thickness of) antenna 1501. Modification of the 

15 pattern on resist 1502 enables the measurement of an 

etching rate dependent on the new pattern, for example, 
a resist pattern with a new groove width or with a 
plurality of holes. 

Next, a method of improving the uniformity of the 

20 internal etching rates for the wafer surface by use of 
this measuring unit jlIjs) described |belowj. During the 
development of an etching apparatus or the 
determination of etching parameters, the uniformity of 
etching rates is required to satisfy predetermined 

25 standards for the entire wafer surface. Although 
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conventional methods usuallyjjjare by usingj^interf erence 
to measure etching rates immediately, it is very 
difficult to observe the rates in a plurality of 
sections immediately at the same time for reasons such 
5 as the limited installation position for a 

spectroscope. Also, when complex patterns exist, 
simultaneous observation of etching rates is not easy^ 
since it requires sophisticated calculation of 
diffraction with high accuracy. Unlike such 
10 conventional methods, the method described below is a 

very simple technique* since it only requires that the 

J 

above-mentioned measuring unit QshouldJ be installed in 
multiple places on the wafer and that the light 
emitted from light-emitting circuit 801 £shouldj be 

15 observed during etching. 

The requirement that the uniformity of flat areas 
in etching rate over the entire wafer surface should 
be high [means; /the requirement that fluctuations in the 
light emission duration of light-emitting circuit 801 

20 should be insignificant. Accordingly, in the plasma 
etching apparatus of Fig. 1, when fluctuations in the 
light emission duration of light-emitting circuit 801 
are measured with each etching process under different 
settings of parameters^ such as the flow rate of the 

25 gas to be introduced during etching, if the measured 
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fluctuations are insignificant, this means that the 
etching rates for the flat areas are uniform over the 
entire wafer surface. 

An antenna with patterns can be easily constructed 
5 by resting a micropatterned insulating material on the 
conductor portion of the antenna. This insulating 
materialj{i^, for example, the J5022-11 capillary plate 
manufactured by Hamamatsu Photonix Corp. This 
capillary plate has a plurality of holes 10 microns 

10 across and 400 microns deep. For actual semiconductors, 
problems usually occur when areas about one micron or 
less in size undergo processing. However, according to 
Reference [1] below, it is known that when the sizes 
of the patterns are sufficiently smaller than typical 

15 sizes j such as an average free stroke and a sheathing 
thickness, provided that the patterns are analogous, 
^Ehej equality in absolute size is not mandatory. That 
is to say, the use of the above-mentioned capillary 
plate or its processed or similar product enables the 

20 situation of the order of one micron to be easily 
simulated without using lithography or the like. 

Reference [1]: N, Mise et al . , "Proceedings of the 
5th International Symposium on Plasma Process-Induced 
Damage", p. 46, 2000, 

25 Next, energy control based on the present 
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invention's] describee^. A unit that has mes|work 1602 
withji battery 1601 connected to the front of/antenna 
2 03 and^ measures the energy of the charged particles 
entering the antenna, is shown as an embodiment in 
5 Figs. 16A and 16B. A top view of the LED mounted on 
the unit is shown as Fig. 16A, and a longitudinal 
section of the LED is shown as Fig. 16B. The battery 
is connected jf rom|f hole 1603 of insulating film 205 to 
silicon substrate 204. The other terminal of the 

10 element 801 is also connected to the substrate 204 
through hole 1604. When a voltage is applied to 
meshwork 1602 , /.repulsive force is given to ions and 
electrons according to the particular direction and 
magnitude of the applicationjand^as a result, only 

15 ions whose energy is greater than the applied voltage 
arrive at antenna 203. Thus, the number of charged 
particles having a predetermined energy level can be 
measured from the intensity of the emitted light and 



the voltage of battery 1601. In^Fig. the 



4 

20 distribution of energy can also be measured by 

installing multiple antennas equipped with batteries 
1602 of different voltages. 

Next, another embodiment of the present invention 
/ \is) described ^singJ^Fig. 17. This figure shows an 
25 example of measurement under different surface area 
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settings of antenna 203. In^this measuring method, a 
sufficient current for activating the LED is required 
for the measurement of its light emission intensity. 
The upper limit of the current is a value determined 
5 by the antenna area and the density of the plasma. 
Even when a sufficient current is supplied, if the 
potential difference across the LED is too low, its 
light emission intensity is reduced by being limited 
according to the applied voltage. Whether the light 

10 emission intensity of the LED is limited by the 

voltage or by the current is not univocally determined 
since the above depends on the cur rent- voltage 
characteristics of the LED, the magnitude of the 
potential difference on the wafer, the size of the 

15 antenna, the density of the plasma, and other factors. 
Although the surface area of the antenna needs to be 
adjusted to find the region where the light emission 
intensity can be measured, a wide range of currents 
can be measured at the same time by providing 

20 beforehand, as shown in Fig. 17, a plurality of LEDs 
201 connected to antennas 203 of different surface 
areas . 

Figure 18A is [another block-diagram of/on-wafer^. 
potential difference measuring unit 200, (another 
25 embodiment of the present invention. Figures 18A and 



- 38 - 

\ 

K 

18B are an enlarged top view and enlarged longitudinal 
section of this measuring unit. In this embodiment, 
measuring unit 200 uses thin oxide films as *its "light-- 
emitting elements* On silicon substrate 204j(is 
5 deposited an insulating layer 205, and thin gate oxide 
films 1801 are provided as part thereof. Antenna 1802^ 
made of poly-silicon or the like, is connected to gate 
oxide films 1801. The thin oxide films emit light with 
a sufficient supply of current and can therefore be 

10 used similarly to LEDs 201. Since this unit 

configuration is close to the configuration of a more 
practical semiconductor wafer processing apparatus, 
more accurate data measurements can also be obtained. 
In the configuration of Fig. 18^ a plurality of 

15 light-emitting elements different in antenna surface 

area are arranged on a wafer. Although only one set of 
light-emitting elements are shown in the figure, it is 
possible to arrange multiple sets over the entire 
wafer surface and measure the distribution of energy. 

20 Although A intended to measure the potential difference 
between antenna 1802 and silicon substrate 204, this 
configuration can also be varied to measure the 
potential differences between any other two positions. 
In addition, since the LEDs are made of silicon, 

25 not a compound semiconductor, they do not pose 
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problems associated with pollution. Furthermore , 
during the manufacture of semiconductor devices using 
a silicon substrate, light-emitting circuit 801 can be 
formed in, for example, a scribe area or an area not 
5 to be used as the semiconductor device at the edge of 

a wafer, by forming LEDs by use of silicon. The 

A 

formation of/ light-emitting circuit 801 in such areas 
is, in turn, effective for avoiding a decrease in the 
number of semiconductor devices which can be obtained 

10 from one wafer. Furthermore, the use of this wafer 

makes it possible to measure the potential difference 
on the wafer surface under a plasma-exposed status and 
the degree of damage of the gate oxide film while 
creating devices. In short, it is possible to evaluate 

15 the status of the plasma apparatus and the processing 
parameters immediately and to estimate a device 
manufacturing yield. 

Next, an embodiment of light-emitting circuit 801 
is shown in Fig. 19. In this embodiment, two circuits 

20 are connected in parallel between antennas 203f(t The 
first circuit consists of directly connected light- 
emitting element 1901 and Zener diode Zls, another 
Zener diode Zip connected in parallel to the 1901 - 
Zls connection, and diode Dl connected to diode Zip. 

25 The^Zls and the Zip are polarized in a forward 
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direction, and thej Dl is polarized in the reverse 
direction to that of the^Zls. The voltage at which a 
current abruptly begins to flow when a reverse voltage 
is applied to the Zener diodesQ is taken as VZ . In 
5 this case, Zener diodes Zls and ^lp are selected so 

that the absolute threshold voltage VZlp of the Zener 
diode Zip is greater than the absolute threshold 
voltage VZ Is of the Zener diode Zls. The second 
circuit, which consists of the same elements as those. 

10 of the first circuit, has all its polarized components 
reversed with respect to the polarized components of 
the first circuit. In this case as well, Zener diodes 
Z2s and Z2p are selected so that the absolute 
threshold voltage value VZ2p of the Zener diode Z2p is 

15 greater than the absolute threshold voltage value VZ2s 
of the Zener diode Z 2s. Light-emitting element LI is 
an element not having polarity, and LI is, for example, 
an element that emits light when activated by the 
current flowing into (th@)|f ilament jof tungsten. 

20 The conditions where light-emitting element LI 

emits light under the light-emitting circuit 
composition shown in Fig. 19 are described below. 
Since LI and Dl are connected in series, it can be 
seen that at least if A^V, = VA-VB > 0 holds, (does) Ll*^^ 

25 emit light. However, if ^potential difference Av 
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between A and B is smaller than the threshold value of 
diode Dl, namely , if AV < VDl, no current flows into 
LI because of the effects of diode Dl, and this also 
applies in the case of AV < VDl + VZls, even when the 
5 potential difference increases. The reason why no 

current flows into Ll is that Zener diode Zls does not 
yield. When the potential difference further increases 
(AV > VDl .+ VZls), Zener diode Zls yields and a 
current begins to flow into Ll . When ) potential 

10 difference AV increases more significantly (namely, AV 
> VDl + VZlp), Zener diode Zip also yields. Therefore, 
even when/ potential difference AV increases in the 
range of AV > VDl + VZlp, the voltage between Ll and 
Zls is maintained at a constant value of VDl+VZlp. 

15 This means that Zener diode Zip protects the circuit 

by preventing an overvoltage from being applied across 
light-emitting element Ll or an overcurrent from 
flowing into Ll. Accordingly, AV and the light 
emission intensity of Ll directly vary when VDl+VZlp < 

20 AV < VDl+VZ2p. When AV < VDl+VZ2p, however, the light 
emission intensity is kept constant, irrespective of 
AV. 

When a reverse voltage is applied, only light- 
emitting element L2 emits light and Ll and L2 do not 
25 emit light simultaneously. 
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Consider ^he^ v case [tha^more specif ically, the 
HZ6A1 Zener diodes, manufactured by Hitachi, Ltd., are 
used as Zener diodes Zls and Z2s, the HZ7A1 Zener 
diodes, manufactured by Hitachi, Ltd.,/as Zener diodes 
5 Zip and Z2p, and the HSK110 diodes, manufactured by 

Hitachi, Ltd.,^as diodes Dl and D2 . According to the 
Hitachi Databook issued in September 1992, the yield 
voltages of the HZ6A1 and HZ7Alj are 5.2 V and -6.3 V, 
respectively, and the threshold voltage value of the . 
10 HSK110 is 0.8 V. At this time, whem potential VA of/ 



antenna A ^ecomes 6.0 V higher than^ potential VB ofpJPJ 
antenna B, t light-emitting element LI emits light. When 
the difference between VA and VB is smaller than 7.1 V, 
the light emission intensity of LI changes according 

15 to the voltage applied thereto. When the difference 
between^ becomes equal to or greater than 7.1 V, the 
voltage applied to Ll (Hiscontinues changing] /and the 
light emission intensity becomes independent of the 
potential difference. When VA and VB are opposite in 

20 polarity, L2 emits light. 



Diodes can also be used as alternatives foi* Zener 
diodes. In general, the threshold voltage values ot^h 



diodes are about 1 V^ and; do not change too 
significantly. For this reason, a plurality of diodes 
25 need to be connected in series to obtain threshold 
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tl 

values falling within the desired range. 

A modified version of the embodiment/ {ir^ Fig. 19 is 
shown in Fig. 20. In this version, four circuits are 
connected in parallel between antennas 203A and 203B. 
The first circuit consists of light-emitting element 
Ll, Zener diode Zl, and diode Dl, which are all 
connected in series. Thei Zl and thejDl are opposite in a 
polarity. The second circuities of) the same 



composition as that of the first circuit, and jhasi allf*f 
10 its polarized components /.reversed with respect to the 
polarized components of the first circuit. The third 
circuit consists of Zener diodes Zip and Z2p connected 
in series, which are reversed in polarity with respect 
to one another. The fourth circuit consists only of 
15 capacitor C. n 

The light-emission condition of/Ll in such circuit 
composition can be expressedQjiVA-VB > VZls+VDl. The 
voltage applied to^Ll at this time can be expressed as 



(VZlp+VZD2p) + (VZls+VDl), and the present invention, 
as with thejfinvention) of Fig. 19, provides a light- 
emitting element circuit protection function. 

In Figs. 19 and 20, when Zener diode Zip (Z2p) 
connected in parallel to light-emitting element Ll 
(L2) is omitted, since the voltage applied toj Ll (L2) 
25 is not limited, the light emission intensity and the 
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VA-VB difference directly vary in the light emission 
range. Therefore, the potential difference between 
antennas A and B in the entire light emission range 
can be detected by measuring the light emission 
5 intensity. In this case, however, the possible flow of 
an overc^rrejnt into light-emitting element LI (L2) may 
damage th^l (L2 ) . " ^ 

In Figs. 19 and 20, when diode D2 is omitted, ^L2 
emits light if VA-VB > VZD2. That is to say, both Ll 
10 and L2 emit light if VA-VB > VZD2 and VA-VB > VZl+VDl. 
At this time, the VA-VB range can be further limited 
according to the light-emission conditions of Ll and 

In Figs. 19 and 20, when Zls (Z2s) is omitted,^ Ll 
15 and L2 emit light if VA-VB > VDl and VB-VA > VD2, 

respectively. ^JU ^ Ai^wxf 

Next,/ protection circuit 3 jis)|de|^ribed (u^ingptFig . 
21. When the fact of VA>VB is known, J light-emitting 
circuit composition can be simplified. For example, 

20 (thejAcase jLn which Zener diode Z2p is omitted from the 

[invent io njji o f Fig. 20 is shown in Fig. 21. At this time, 
when elements are selected so that. 0 < VZl+VDl < 
VZ2+VD2 < VZ3 holds, only^ Ll emits light under the 
condition of VA-VB > VZl+VDl, and both Ll and L2 emit 

25 light under the condition of VZl+VDl < VA-VB < VZ2+VD2. 
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Also, since the maximum voltage applied to^Ll (L2) is 
VZ3+VZ1+VD1 (VZ3+VZ2+VD2), Ll (L2) is protected. It is 
possible to measure VA-VB by observing the intensity 
of the light emitted from Ll and L2 . 
5 The appropriate light-emitting circuit can be 

formed by adjusting the number of elements or 
combining them in the light-emitting circuits of Figs. 

19, 20, and 21, as required. In Figs. 19, 20, and 21, 
although the light-emission voltage is described 

10 [consider ingj^miniature lamps (or the like as the light- 
emitting elements), LEDs and other elements that have 
diode characteristics^ slightly change in threshold 
voltag^. The principles of operation^ however, are as 
described above. Also, when diodes are used as the 

15 light-emitting elements, diode Dl or D2 in series with 
respect to the elements in the embodiment of Figs. 19, 

20, and 21 is to be polarized in the same direction. 
Figure 22 shows a unit having ^directly connected 

resistor 22 01 to adjust the voltage ^a^p^Lied to LED /2 0j|j. 

20 This circuit composition can be |applied^/when the 
potential difference on the wafer is too great. 
Current I can be derived from the light emission 
intensity of LED (203^. Voltage VI across the LED can be 
derived from the current-voltage characteristics of 

25 the LED, and/, voltage V2 across the resistor can be 
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derived from IxR. The developed potential can be 
derived from V1+V2. In this circuit composition, a 
wide range of voltages can be measured at the same 
time by connecting resistors 2201 (Rl andJR2 ) [ol^£W^ 
5 different values to the respective LEDs/(20]|. 

Figure 22 is a circuit {block) diagram showing the 
fifth embodiment of the potential difference and 
current measuring portion used for potential 
difference measurement based on the present invention, 

10 This figure shows another example of/ circuit 

composition intended to extend the range of the DC 
potential differences which can be measured using the 
potential difference and current measuring portion, 
and the resistance elements for limiting the flow of 

15 current into LEDs (20 1)^ are connected in series. 



As shown in Fig. 22 , j potential difference and 
current measuring unit 200 has resistance elements 
connected in series to a parallel-connected circuit 
consisting of LEDs|(20i. and capacitors 202j. Since 

20 resistance elements 2201 are connected, this prevents 
an overcurrent from flowing into LEDs^gJDl), and the DC 
potential difference between conductor antennas 2 03A 
and 203B is voltage-divided into the terminal-to- 
terminal voltage of LEDs/^2^1) and the terminal-to- 

25 terminal voltage of resistance elements 2201. Thus, 



- 47 - 



\ 

the voltage applied to LEDs {20l)j can be reduced below 
the DC potential difference between conductor antennas 
203A and 203B, and the range of the DC potential 
differences which can be measured using the potential 
5 difference and current measuring ^portio^can be 
correspondingly extended. 

Andj in this case as well, since the light emitted 
from LEDs ^0^1 can be detected visually or through a 
CCD camera or the like, separate connection lead wires 
10 or probes are not required for the acquisition of the 
detection output signals. 

Next, an observing method different from the 



above-described method of observing * light-emitting 
element^ 103 (Is) ^described. In j^sucl^t etching apparatuses) 
15 shown in Fig. 23 , ^measurement hole 2301 for a 

radiation temperature gauge is usually provided on 
sample mount 108 in order to measure the temperature 
of /silicon substrate 204. If no such hole is provided, 
sample mount 108 needs to be provided with/ hole 2 301 



20 for observing jlsubstrate 204. The intensity of lighton a 
substrate 204 can be observed using hole 23 01j£providedJ 
(on) the surface of sample mount 108. At this time, when 
the appropriate light-emitting circuit 801 is selected 

so that the light emitted from light-emitting circuit 

J* 

25 801 passes through* substrate 204, this substrate can 
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be observed from the reverse side without ever having 
to provide the substrate with a hole. Similarly to the 
case (that^the light emission status of light-emitting 
circuit 801 is observed from the surface of substrate 
5 204, j camera 2302, an interference filter, a personal 
computer, and/or optical fibers are to be used as 
required. 

Silicon, for example, has the property that it 
transmits light whose wavelength is about 1.3 microns . 

10 or more. When substrate 204 is composed principally of 
silicon, therefore, the use of the L1450-35C LED 
having a wavelength of 1,450 nm makes it possible for 
the emitted light on the surface of substrate 204 to 
be observed from the reverse side of this substrate 

15 without ever having to provide it with a hole. [Such^]^ 
circuit exposition (occasionally^ makes it unnecessary 
to provide/ observation window 112. 

The potential difference and current measuring 
unit of the present invention can be installed in 

20 various places. More specifically, the packaging of 
the potential difference and current measuring unit 
when mounted on an insulating object enables this 
package to be installed (ii)Jtany position and in any 
number of places. This package can also be installed 

25 on the inner wall of semiconductor manufacturing 
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equipment to observe the status of this inner wall. 
The package usually (Is} also (permitted t^jj be installed 
in an area not directly exposed to the effects of the 
plasma. This area for example, the side ofjfsample 
5 mount 108 , the wall surface of the reaction chamber 
facing the sample mount, or a position (say , 2401) 
directly above the vacuum-exhaust. pump for the 
reaction chamber. (This purposed is to interrupt wafer 
processing immediately on detection of an unusual 

10 state during plasma monitoring and then provide 

corrective measures in order to return the plasma to a 
normal state. These measures refer to, for example, 
exposing the reaction chamber to the atmosphere and 
cleaning the wall of the reaction chamber and the flow 

15 channel of the exhaust system using an organic solvent 
or the like. Also, the potential difference between 
any two points can be measured using a package 
installed on the inner wall (for example, ^ position 
2402) of waveguide 102. 

20 Basically, the antennas are formed using 

conductors. For minimum metal pollution, however, 
impurity-doped polycrystal silicon or a light metal 
(such as aluminum) or ^ highly electroconductive carbon 
should be used as the antenna material. 

25 LEDs are usually made of a compound semiconductor 



such as gallium nitride (GaN) or AlGaN, but if such 

LEDs are inserted in externally exposed form into 

silicon-based semiconductor manufacturing equipment , 

metal pollution will result. To avoid this problem, 

5 the necessary section should be shielded with a 

suitable material which enables emitted light to be 

observed. Examples of this material include silicon 

oxide, plastic resin, and so on. 

Next, an example of a r GaAs light-emitting element 

aA A "E 

10 is shown (using Fig. 25 7) j Figures 25^aJ), 25|[bJ, and 

2 5 ([cj^are (block) diagrams showing the potential 

difference and current measuring unit 200 used for 

potential difference measurement based on the present 

invention, and showing an example of a potential 

15 difference and current measuring unit integrated with 

substrate 204 thereon. A top view of such a measuring . 
unit is shown as Fig. 25A; a cross-sectional view (of) 
(lt^ A- A' [section, asJj^Fig. 25B; and a cross-sectional 
viewQof itsJ^B-B 1 [section, asJj[Fig. 25C. 

20 The potential difference and current measuring 

unit 200 shown in Figs. 25A to 25C has a potential 
difference and current measuring portion formed on the 
substrate 204 consisting of gallium arsenic (GaAs) and 
other substances. Light-emitting diodes consisting of 

25 n-type semiconductor area 2501 and p-type 
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semiconductor area 2502 are formed 6nj| substrate 204 by 

use of a method^ such as ion implantation, and this p-n 

junction emits light • The first insulating film 2503 
is formed on the substrate including the LED forming 
5 portion, and holes 2504 and 2505 that lead to 

substrate 2 04 are provided in the n-type semiconductor 
area 2501 and p-type semiconductor area 2502 of the 
first insulating film 2503. One end of the first 
conductor 2506 is connected to p-type semiconductor 

10 area 2502 through hole 2505, and the other end is 
routed along the first insulating film 2503. 

One end of antenna 203A is connected to n-type 
semiconductor area 2501 through hole 2504, and the 
other end is routed along the first insulating film 

15 2503. The conductor antenna 203B, after being 

connected to the other end of the first conductor 2506, 
is formed on the first insulating film 2503 w The 
second insulating film 2507 is formed on part of the 
other conductor antenna 203B. The second conductor 

20 2508, after being connected to conductor antenna 203A, 
is formed on the second insulating film 2507. The 
third insulating film 2509 is formed so as to ensure 
that the exposed portions of the first conductor 2506, 
the second conductor 2508, and conductor antenna 203B 

25 are covered with the insulating film, and that the 
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first conductor 2506 and conductor antenna 203A are 

electrically insulated. In this case, the portion 

where conductor antenna 203B and the second conductor 

2508 are arranged (facing^ one another via the second 

insulating film 2507 constitutes a capacitor, which is 

connected in parallel to an LED. 

According to this embodiment, since the LED emits 

light according to the particular DC potential 

difference between conductorjl antennas 20 3A and 203B on 

A 

substrate 204, the DC potential difference can be 
measured by detecting the intensity of the emitted 
light. 

In this case, the use of a light-transmitting 
substance (such asj^ poly-silicon) to (composej^the second 
conductor 2508 and the third insulating film 2509 
enables light to be radiated tojoutside. Light can 
likewise be radiated^toJ( outside by providing/ its 
[passing portion witfi^a window that is covered with a 
transparent insulating film. 

A light-emitting diode (LED) can likewise be 
formed by forming conductor antennas 203A and 203B on 
silicon substrate 204, or by forming a capacitor first, 
then embedding an LED microchip in the conductor 
antennas 203A/203B forming area or capacitor forming 
area by ion beam processing. Thus, a circuit of the 



same composition as that described above can be formed, 

Although the embodiments described heretofore (ar^ 
examples of measurement in a plasma etching apparatus, 
the present invention also enables similar measurement 
with a film deposition apparatus, a resist removal 
apparatus, and the like. 

In addition, although the embodiments of 
semiconductor manufacturing equipment that have been 
described heretofore relate to a plasma source that 
mainly uses magnetic fields and microwaves, fbhese) 
(embodiments) |can likewise be applied to other types of 
equipment that use a plasma source, such as equipment 
that uses high-frequency inductive coupling or 
capacitive coupling to generatej^plasma, or equipment 
that uses electromagnetic waves of the UHF band to 
generate; plasma . 

As described above, according to the present 



invention, it is possible to (suppl^j a potential 
difference and current measuring method that enables 
the DC potential difference on a target object to be 
measured using a simple means and a potential 
difference and current measuring portion of a simple 
configuration. In other words, it is possible to 
supply a means by whichQj important quantities in a 
semiconductor surface treatment apparatus^ that uses 
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plasma , namely , the plasma potential difference and 
plasma current occurring on the surface of a wafer, 
are (to b^j measured without the modification of the 
apparatus. Since the use of a camera enables non- 
contact measurement of emitted light intensity, the 
lead-in terminals for lead wires that are always 
required in conventional probing methods become 
unnecessary. In addition, since the target wafer does 
not require lead wire connection, wafers can be 
changed in the same way as performed for etching. 

Furthermore, according to the present invention, 
it is possible to supply a highly efficient sample 
processing method that uses a potential difference and 
current measuring portion of a simple configuration. 
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WHAT IS CLAIMED IS: 

1. A method of measuring the potential 
differences for plasma processing with a plasma 
processing apparatus that processes a sample by 
5 introducing a gas into vacuum chambers and generating 
plasma , wherein said method of measuring potential 
differences for plasma processing is characterized in 
that 

a light-emitting portion is formed on a 
10 measurement-use sample, 

a current flows into said light-emitting portion 
according to the potential difference that has been 
generated across said light-emitting portion, 

the intensity of the light emitted from said 
15 light-emitting portion according to the particular 
level of said current is measured, and 

the potential difference on said measurement-use 
sample according to the particular light intensity is 
measured. 

20 2. A method of measuring the plasma currents for 

plasma processing during which the plasma processing 
of a sample is accomplished by introducing a gas into 
vacuum chambers and generating plasma, wherein said 
method of measuring plasma currents for plasma 

25 processing is characterized in that 
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a light-emitting portion is formed on a 
measurement-use sample , 

the flow of charged particles from the plasma to 
the surface of said measurement-use sample is measured 
5 as the intensity of the light emitted from said light- 
emitting portion according to the level of the current 
flowing thereinto, and 

the amount of current flowing into said light- 
emitting portion according to the particular light 
10 intensity is measured. 

3. An apparatus for measuring plasma potential 
differences and currents in a plasma processing 
apparatus that provides a sample with plasma 
processing by introducing a gas into vacuum chambers 
15 and generating plasma, wherein said potential 

difference and current measuring unit is characterized 
in that it has 

a light-emitting portion formed on a measurement- 
use sample, allowing a current to flow into said 
20 light-emitting portion according to the potential 

difference that has been generated across said light- 
emitting portion, and measuring the intensity of the 
light emitted from said light-emitting portion 
according to the particular level of said current, 
25 and measures the potential difference on said 
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measurement-use sample according to the particular 
1 ight int ens ity . 

4 . An apparatus for measuring plasma potential 
differences and currents in a plasma processing 
5 apparatus that provides a sample- with plasma 

processing by introducing a gas into vacuum chambers 
and generating plasma, wherein said potential 
difference and current measuring unit is characterized 
in that it has 

10 a light-emitting portion formed on a measurement- 

use sample, and a means by which the flow of charged 
particles from the plasma to the surface of said 
measurement-use sample is measured as the intensity of 
the light emitted from said light-emitting portion 

15 according to the level of the current flowing 
thereinto, 

and measures the amount of current flowing into 
said light-emitting portion according to the 
particular light intensity. 

20 5. A potential difference and current measuring 

method using a potential difference and current 
measuring portion provided with one pair of conductor 
antennas, a light-emitting portion connected between 
said pair of conductor antennas, and an alternating- 

25 current (AC) voltage bypass element connected to said 
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light-emitting portion , wherein said potential 
difference and current measuring method is 
characterized in that when said pair of conductor 
antennas are arranged at and connected to the 
measuring positions on the object to be measured , 
light will be emitted from said light-emitting portion 
and the direct-current (DC) potential differences and 
DC currents at said measuring positions will be 
measured by the detection of the intensity of the 
emitted light. 

6. A potential difference and current measuring 
method as set forth in Claim 1, 2 or 5 (abov^ wherein 
said potential difference and current measuring method 
is characterized in that said potential difference and 
current measuring portion consists of multiple 
potential difference and current measuring members 
arranged at and connected to the spaced measuring 
positions on the object to be measured. 

7 . A potential difference and current measuring 

(TV 

method as set forth in Claim 1, 2^5^ or 6 abovef f 
wherein said potential difference and current 
measuring method is characterized in that said 
potential difference and current measuring portion 
consists of multiple potential difference and current 
measuring members arranged at and connected to the 



spaced measuring positions on the object to be 
measured/ and in that the light-emitting portion of 
each potential difference and current measuring member 
consists of one or more light-emitting diodes or 
combination of one or more diodes and light-emitting 
elements using filaments. 

8 . A potential difference and current measuring 
method as set forth in Claim 5 ^bov^ f wherein said 
potential difference and current measuring method is 
characterized in that said light-emitting portion 
consists of the light-emitting diodes or combination 
of diodes and light-emitting elements using filament, 
one with positive polarity and the other with negative 
polarity , and in that the DC potential difference at 
said measuring position and the corresponding voltage 
polarity are judged by the detection of light emission 
or no light emission from the light-emitting diodes or 
light-emitting elements. 

9. A potential difference and current measuring 
apparatus as set forth in Claim 3 or 4 |abovJ f wherein 
said potential difference and current measuring 
apparatus is characterized in that said potential 
difference and current measuring portion consists of 
multiple potential difference and current measuring 
members arranged at and connected to the spaced 
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measuring positions on the object to be measured. 

10. A potential difference and current measuring 
unit as set forth in Claim 3 or 4 (abovei, wherein said 
potential difference and current measuring unit is 

5 characterized in that said potential difference and 
current measuring portion consists of multiple 
potential difference and current measuring members 
arranged at and connected to the spaced measuring 
positions on the object to be measured, and in that. 
10 the light-emitting portion of each potential 

difference and current measuring member either 
consists of the light-emitting diodes or combination 
of diodes and light-emitting elements using filament 

11. A potential difference and current measuring 
15 unit as set forth in Claim 9 [or 10 above), wherein said 

potential difference and current measuring unit is 
characterized in that said light-emitting diodes are 
different in light-emission threshold voltage and 
light-emitting diodes are different in emission color 
20 as well. 

12. A potential difference and current measuring 
unit as set forth in Claim 9 [or 10 abov^ wherein said 
potential difference and current measuring unit is 
characterized in that when the potential between two 

25 equivalent measuring position is measured, said light- 



- 61 - 

V 

emitting portion, which consists of the light-emitting 
diodes or combination of diodes and light— emitting 
elements using filaments, has its forward and reverse 
'polarized diodes taken as one set . 
5 13. A potential difference and current measuring 

unit as set forth in Claim 9 [or 10 abov^, wherein said 
potential difference and current measuring unit is 
characterized in that said light-emitting portion 
includes a thin gate oxide film in a semiconductor 
10 device. 

14. A potential difference and current measuring 
unit as set forth in Claim 9 [or 10 abov^f, wherein said 
potential difference and current measuring unit is 
characterized in that said AC voltage bypass element 

15 is a capacitor. 

15. A potential difference and current measuring 
method as set forth in Claim 7 above, wherein said 
potential difference and current measuring method is 
characterized in that said potential difference and 

20 current measuring portion has resistor elements 

connected to said light-emitting portion either in 
series or in parallel. 

16. A potential difference and current measuring 
method as set forth in Claim 7 above, wherein said 

25 potential difference and current measuring method is 
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characterized in that said potential difference and 
current measuring portion has optical fibers arranged 
adjacently to said light-emitting portion and in that 
light emission from said light-emitting portion is 
5 detected through said optical fibers. 

17. A potential difference and current measuring 
method as set forth in Claim 7 above/ wherein said 
potential, difference and current measuring method is 
characterized in that said measurement-use sample is a 

10 semiconductor wafer and in that said measuring 
positions are two spaced positions on said 
semiconductor wafer. 

18. A potential difference and current measuring 
method as set forth in Claim 7 above, wherein said 

15 potential difference and current measuring method is 
characterized in that the semiconductor wafer, which 
is said measurement-use sample, is located inside the 
plasma reactor that provides surface treatment. 

19. A potential difference and current measuring 
20 method as set forth in Claim 7 above, wherein said 

potential difference and current measuring method is 
characterized in that said light-emitting portion 
emits light of the wavelength that enables 
transmission through the semiconductor substrate used 
25 as said measurement-use sample. 
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20. A potential difference and current measuring 
method as set forth in Claim 7 above, wherein said 
potential difference and current measuring method is 
characterized in that when the light emitted from said 
light-emitting portion is monitored, measurements are 
performed from the reverse side of the semiconductor 
substrate used as said measurement-use sample 
mentioned . - 

21. A potential difference and current measuring 
unit as set forth in Claim 9 above, wherein said 
potential difference and current measuring unit is 
characterized in that it includes a light-emitting 
circuit having diodes connected in parallel to said 
light-emitting portion. 

22. A potential difference and current measuring 
unit as set forth in Claim 5 above, wherein said 
potential difference and current measuring unit is 
characterized in that in addition to the fact that the 
measuring unit uses a potential difference and current 
measuring portion provided with one pair of conductor 
antennas and a light-emitting portion connected 
between said pair of conductor antennas, a structure 
made of an easily removal insulating body is mounted 
on one antenna. 

23. A potential difference and current measuring 



- 64 - 

\ 

unit as set forth in Claim 5 above , wherein said 
potential difference and current measuring unit is 
characterized in that said antennas are made of a 
light metal such as impurity-doped s il icon , aluminum, 
5 or magnesium, or of electroconductive carbon* 

24. An etching rate measuring apparatus 
characterized in that the conductor portions of 
antennas A and B are exposed in approximately plane 
form and in the form surrounded by an insulating body, 

10 respectively, and in that when the intensity of the 
light from the light-emitting portion connected 
between the antennas is measured, the time dependence 
of the light emission intensity is examined and the 
etching rate is measured from two factors: the time 

15 from the start of the emission to the end, and the 
thickness of the conductor portion of antenna B. 

25. An etching rate measuring method 
characterized in that the conductor portions of 
antennas A and B are exposed in approximately plane 

20 form and in the form surrounded by an insulating body, 
respectively, and in that when the intensity of the 
light from the light-emitting portion connected 
between the antennas is measured, the time dependence 
of the light emission intensity is examined and the 

25 etching rate is measured from two factors: the time 
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from the start of the emission to the end, and the 
thickness of the conductor portion of antenna B. 

26. A method of optimizing a plasma etching 
apparatus designed so as to generate plasma by 

5 introducing a gas into vacuum chambers, wherein said 
plasma etching apparatus optimization method is 
characterized in that said potential difference and 
current measuring portion is installed inside said 
etching apparatus and in that operating parameters on 

10 the etching apparatus are optimized from the 

relationship between the gas introducing position/ the 
shapes of the reaction chamber, sample mount, and 
other apparatus components, and the intensity of the 
light emitted from the light-emitting portion of the 

15 potential difference and current measuring portion. 

27. A method of optimizing the plasma etching 
parameters used to generate plasma by introducing a 
gas into vacuum chambers, wherein said plasma etching 
parameter optimization method is characterized in that 

20 said potential difference and current measuring 

portion is installed inside said etching apparatus and 
in that etching parameters are optimized from the 
relationship between parameters, such as the type of 
gas to be introduced, the flow rate of the gas, and 

25 the magnitude of the power to be applied, and the 
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intensity of the light emitted from the light-emitting 
portion of the potential difference and current 
measuring portion. 

28. A sample processing method intended to . 

5 process a sample by introducing a gas into vacuum 

chambers and generating plasma , wherein said sample 
processing method is characterized in that 

a means of measuring potential differences is so 
constructed as to ensure that a light-emitting portion 
10 is formed on a measurement-use sample and measure the 
intensity of the light emitted therefrom according to 
the particular amount of current, and that the 
potential difference on said measurement-use sample is 
measured according to the measured light intensity , 
15 in that 

each time said sample within said vacuum chamber 
is processed the required number of times, said 
potential difference is measured using said 
measurement-use sample , 
20 and in that 

if said potential difference exceeds the required 
value, the processing of said samples will be 
interrupted . 

29. A sample processing method intended to 
25 process a sample by introducing a gas into vacuum 
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chambers and generating plasma , wherein said sample 
processing method is characterized in that 

a means of measuring plasma currents is so 
constructed as to ensure that a light-emitting portion 
is formed on a measurement-use sample, that the flow 
of charged particles from the plasma to the surface of 
said measurement-use sample is measured as the 
intensity of the light emitted from said light- 
emitting portion according to the level of the current 
flowing thereinto, and that the amount of current 
flowing into said light-emitting portion according to 
the particular light intensity is measured, 

in that 

each time said sample within said vacuum chamber 
is processed the required number of times, the plasma 
current is measured using said measurement-use sample, 

and in that 

if said plasma current exceeds the required value, 
the processing of said samples will be interrupted. 



3*. 




